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July 8, 1997 

Mr. Cris Anderson 
Director of Environmental Affairs 
M.A. Hanna Company jj 
200 Public Square, Suite 36-50Q0 
Cleveland, Ohio 44114-2304 

06720-023-001-0002 

Re: Product Volume Calculation 
L. E. Carpenter Site 

I . i  ' I  i 
Dear Cris: 

jl ; ii" • ; 
Attached is the Product Volume Calculation for the above referenced site. Based on this 
calculation, the volume of recoverable product at the site is estimated to be 1,500 gallons 
to 5,900 gallons. This estimate was calculated using the August 1995 product bail-down 
test data, evaluated according to the method presented in Determining Realistic Time 
Frames For Free Hydrocarbon Recovery by Michael T. Paczkowski and Stephen M. 
Testa. Copies of the bail-down test data arid the above referenced paper are attached. 

As analytical data associated with soil porosity and product specific yield have not been 
Collected, estimates for these parameters were used based on literature data. Therefore, 
the above estimate is considered to be. preliminary, and the actual volume may vary. If 
required, we can calculate a more accurate volume by collecting soil porosity analytical 
data and product density and viscosity analytical data. The estimated cost to collect and 
analyze three soil and product samples for the above referenced parameters is estimated to 
be $3,000. 

i ; < 
This information would be used to refine the estimates of product quantities. However, 
the rate of recovery will be governed by many other factors including product thickness 
distribution and hydrogeologic inhomo'gerteities, which cannot be calculated, and which 
can be significant especially when dealing with small thickness of product saturated soil. 

It should be noted that the above estimate differs from the previous estimate of 2,000 
gallons as reported in Section 3.5 - Estimate of Recoverable Product (page 3-3) in the 
Third Quarter 1995 Progress Report, L.E.Carpenter Site, Wharton, New Jersey dated 
October 1995. As discussed, ho supporting calculations for the 2,000 gallon estimate 
could be found. Therefore, the estimated volume of recoverable product was recalculated. 
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Mr. Cris Anderson 2 July 8, 1997 

If you should have any questions or r 
contact me at 908-417-5800. 

cc: J. VanNordwick, RMT j 

M. Skirka, WESTON 
B. McClellan, WESTON; 

additional information, please feel free to 

Very truly yours, 

ROY F. WESTON, fNC. 

Thomas S. Laudicina 
Project Manager 

\ 



;!L.E. CARPENTER SITE 
WHARTON, NEW JERSEY 

!! 11 ' 

PRODUCT VOLUME CALCULATION 

An estimate of the volume of recoverable product was calculated based upon the "true" 
product thickness calculated from product baildown tests in August 1995. The square 
footage of the product plume was determined using the product footprint from the 8 April 
1997 monitoring event. The square footage was then multiplied by the "true" product 
thickness to determine the volume of product. 

A. "True" product thickness based on inflection point of product baildown testing 
graphs (attached) generated using the August 1995 data. 

i! , ii 
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!l ' 
B. Volume of Floating Product 

ij v: 

To determine the volume of floating product at the site, the square footage of 
product was calculated Using the "footprint" depicting the extent of product at the 
site (see attached figure). The, plume has two areas elliptical in shape, where the 
product thickness is greater than the rest of the plume, one near MW-1R and the 
other near well MW-1 IS. In order to avoid overestimating the volume of product, 
the square footage was calculated separately for each of the elliptical areas and the 
remainder of the product plume separately, using the true product thickness for 

" each area as follows, i ' " . 

1. The square footage of product was determined for each of the two ellipses: 
f ' :: 

MW-1R ellipse: (3.14159)ab a = 25 ft. b = 25 ft. 

(25)(25)(3.14159) = 1,963 sq. ft. 

MW-11S ellipse. (3.14159)ab a = 55 ft. b = 70 ft. 
I ' : 

(55)(70)(3.14159) = 12,095 sq. ft. 

MW-1R 
MW-1 IS 
WP-A6 
WP-A7 
WP-A8 
WP-B3 
WP-B4 
WP-B5 



L.E. CARPENTER SITE 
WHARTON, NEW JERSEY 

i . .I. : _ 
PRODUCT VOLUME CALCULATION con't 

I "" : • • " ii 
2. The square footage for the entire footprint = 82,400 sq. ft. (Based on aerial 

extent of product plume as measured on 8 April 1997). 

3. The area of the ellipses was subtracted from the total area: 

82,400 - 1,963 .-! 12,095 = 68,342 sq. ft. 

4. The volume of product Containing soil was calculated for each of the 
ellipses and for the surrounding area by multiplying the area by the true 
product thickness obtained from the baildown tests.: 

: I' 

a. Volume of MW-lR ellipse. 
I ' 

Product thickness = 0.90 foot (MW- 1R) 
i! I-'. 

1,963 sq. ft.(0.90 ft.) = 1,777 cubic feet (c.f.) 

b. Volume of MW-1 IS ellipse: 
\ 

Product thickness = 0.70 foot (average of the true thickness 
determined from WP-B4 and MW-I IS) 

12,095 sq. ft. (0.70 ft) = 8,467 c.f. 

c. Volume of surrounding area: 

Product thickness 0.14 foot (average of the true thickness 
determined from WP-B3, WP-A6, WP-A7, and WP-A8) 

j : 

68,342 sq? ft. (0.14 ft) = 9,568 c.f. 
S 

d. Volume of floating product containing soil: 

1,777 c.f. fr 8,467 c.f. + 9,568 c.f. = 19,812 c.f 

2 



L.E. CARPENTER SITE 
WHARTON, NEW JERSEY 

PRODUCT VOLUME CALCULATION coiTt 

C. Volume of Product 
II ' ' 

Product occurs in the soil pore space. Based on the types of soils present at the 
site (mixture of sands, silts, and, clays) a 20% porosity is assumed 

19,812 c.f. soil (20% porosity) = 3,962.4 c.f. of product (7.48 gallons/c.f.) 
-29,640 gallons 

i . I 
D. Volume of Recoverable Product 

The actual rate of recovery is ,; determined by the properties of the free product 
(such as viscosity), the' product thickness, and the properties of the formation 
(porosity, moisture content). When the product thickness is small, the viscosity is 
high, and the soil moisture content is high, low percentages of product will be 
recovered. When the viscosity is low ( high mobility), the product thickness is 
large (high head), the formation is porous and low in fines, and the moisture 
content is low, higher quantities of free product can be expected to be recovered. 

S  •  ' :  • •  
Since site conditions at the site are expected to be a combination of the previously 
listed factors, and limiteci information is available, a range of recoverable product 
volume has been calculated based; on recovery rates generally quoted in the 
literature ( 5% to 60%). 

Lower end estimate: i 29,640 gal (0.05) = 1,482 gal. 

Upper end estimate: '• 29,640 gal (0.60) = 17,784 gal. 

ii 
The "common" recovery rate of 20% to 30% as quoted in the literature may be a 
realistic estimate. 

jj , : ' . ; I . . 

20% recovery estimate: 29,640 gal. ( 0-20) = 5,928 gal. 

60% recovery estimate: i 29,640 gal. (0.30) = 8,892 gal 

Note: 

An estimated 409 gallons of product has been recovered to date (Jan. 1995 to April 1997). 

j! . 
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WP-B3 

TABLE 4 
Bail-Down Jest Performed At WP-B3 

Specific Gravity = 0.94 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:00:00 10.36 10.40 
0:00:22 10.26 10.32 
0:00:45 10.18 10.26 
0:01:12 10.11 10.20 
0:01:35 10.06 10.15 
0:02:03 10.02 10.10 
0:02:29 9.98 " ' 10.07 
0:02:56 9.96 10.02 
0:03:21 9.93 10.00 
0:03:43 9.92 9.97 
0:04:07 9.90 9.95 
0:04:29 9.89 ... 9.94 
0:05:00 9.88 9.92 
0:05:26 9.87 9.91 
0:05:54 9.86 9.90 
0:06:24 9.85 9.89 
0:06:57 9.84 ; 9.89 
0:07:24 _ 1 9.84 9.87 
0:07:54 i 9.83 9.87 
0:08:22 9.83 9.86 
0:08:58 9.83 9.86 
0:09:27 9.82 9.86 
0:09:58 , 9.82 9.85 
0:10:59 , 9.81 9.85 
0:12:00 ! 9.80 9.86 
0:12:47 9.80 9.85 
0:13:50 9.79 9.86 
0:14:54 9.79 9.86 
0:15:59 9.79 i 9.87 
0:16:56 i 9.79 9.87 
0:18:01 9.78 9.88 
0:19:16 I 9.78 9.89 
0:21:41 i 9.78 , 9,91 
0:24:23 9.78 9.92 
0:26:45 " 9.77 9.93 
0:29:09 9.77 9.95 
0:31:40 9.78 9.96 
0:34:26 ! 9.77 9.98 
0:37:33 9.78 10.00 
0:39:43 9.77 10.01 
0:42:16 9.78 10.04 
0:45:13 _ 9.81 10.08 
0:47:46 9.82 1 10.11 
0:50:23 9.78 10.10 
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WP-B3 

TABLE 4 
Bail-Down Test Performed At WP-B3 

Specific Gravity = 0.1 34 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:53:20 9.79 10.11 
0:56:25 9.78 10.12 
1:00:51 9.77 10.13 
1:05:18 9.77 10.15 
1:06:44 9.77 10.15 
1:18:25 9.77 10.18 
1:44:23 9.75 ; 10.26 
2:01:08 9.76 10.30 

'I 
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WP-B3 Chart 1 

WP-B3 

1:55:12 

10.00 • 

10.10 
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WP-B4 

TABLE 5 
Bail-Down Test Performed At WP-B4 

Specific Gravity = 0.91 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:00:00 8.40 8.90 
0:00:11 8.41 8.90 
0:00:37 8.39 j. 8.89 
0:01:05 8.38 8.89 
0:01:39 8.38 8.88 
0:02:04 8.37 8.89 
0:02:34 8.36 , 8.90 
0:03:08 8.36 8.91 
0:03:43 8.36 8.91 
0:04:23 8.36 8.91 
0:04:53 8.36 8.92 
0:05:46 8.35 i../ 8.93 
0:06:26 8.35 8.93 
0:07:08 8.34 8.94 
0:07:55 8.34 8.94 
0:08:35 8.34 8.94 
0:09:05 8.34 8.95 
0:10:50 8.34 8.96 
0:11:55 8.34 8.97 
0:13:02 8.34 8y97 
0:13:58 8.34 a.. ;i 8.98 
0:17:05 8.33 8.99 
0:18:14 8.33 9.00 
0:19:43 8.33 : 9.00 
0:21:21 8.33 9.00 
0:37:47 8.32 9.08 
0:43:12 8.32 9.09 

• 0:48:08 8.32 .1,' • 9.10 
0:54:37 8.32 ; i 9.12 
1:06:34 ji8.32.. ;o ,. 9.15 
1:25:20 8.32 9.18 
1:37:23 8.31 9.20 
1:46:04 8.31 9.23 
2:31:33 8.29 9.29 
3:31:53 8.30 9.37 
4:03:37 8.30 9.41 

it 
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WP-B4 Chart 1 

WP-B4 
M 

0:00:00 0:14:24 0:28:48 0:43:12 0:57:36 1:12:00 1:26:24 1:40:48 1:55:12 

9:30 
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WP-A8 

TABLE 3 
Bail-Down Test Performed At WP-A8 

Specific Gravity = 0.95 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:00:00 13.94 13.95 
0:00:30 13.94 13.95 
0:00:56 13.94 13.95 
0:01:28 13.94 13.96 
0:01:58 13.94 13.97 
0:02:31 13.94 13.98 
0:03:03 13.94 13.98 
0:03:38 13.94 13.98 
0:04:11 13.94 13.98 
0:04:39 13.94 13.99 
0:05:10 ... 13.94 " 13.99 
0:05:43 13.94 14.00 
0:06:14 13.94 14.01 
0:06:47 13.94 14.01 
0:07:16 13.94 14.02 
0:07:51 13.94 14.02 
0:08:30 13.94 14.03 
0:09:20 13.94 14.04 
0:10:03 13.94 14.04 
0:10:35 13.94 14.05 
0:11:32 . 13.94 14.06 
0:12:24 • 13.94 14.06 
0:13:23 i 13.94 14.06 
0:14:22 f 13.94 14.06 
0:15:02 13.94 14.07 
0:15:53 ' 13.93 14.08 
0:16:44 13.93 14.06 
0:17:42 13.93 14.08 
0:18:45 13.93 14.09 
0:19:22 13.93 14.09 
0:20:09 13.93 14.10 
0:27:29 13.93 14.12 
0:37:33 » 13.93 14.14 
0:50:35 13.93 14.19 
0:58:38 13.93 14.19 

II 

•I. 
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MW-11 (S) 

TABLE 7 
Bail-Down Test Performed At MW-1KS) 

Specific Gravity - 0.93 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:00:00 9.75 10.60 
0:00:25 9.80 ! 10.58 
0:00:52 9.78 10.57 
0:01:25 9.76 10.57 
0:01:49 9.75 10.56 
0:02:19 9.74 jr.'T 10.55 
0:02:49 9.73 10.56 
0:03:18 9.73 10.55 
0:03:48 9.72 10.55 
0:04:15 9.72 10.56 
0:04:47 9.71 10.56 
0:05:19 9.71 10.56 
0:06:17 . 9.70 I ^ 10.57 
0:07:06 9.70 10.57 
0:08:16 9.70 10.59 
0:09:22 9.69 10.6.0 
0:10:24 9.69 J i 10.61 
0:13:23 9.69 10.64 
0:16:27 9.68 10.65 
0:22:25 9.68 : 10.70 
0:30:22 9.67 10.75 
1:18:37 9.65 10.95 
1:30:01 9.66 10.96 
2:16:36 9.65 • 11.03 
2:46:58 9.65 11.08 
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WP-A7 

TABLE 2 
Bail-Down Test Performed At WP-A7 

Specific Gravity = 0.97 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME (FEET) (FEET) 
0:00:00 11.57 11.76 
0:00:31 11.57 . 11.76 
0:01:04 11.49 11.72 
0:01:36 11.48 11.69 
0:02:10 11.46 11.67 
0:02:38 11.45 11.67 
0:03:04 11.43 11.67 
0:03:34 11.42 11.66 
0:04:06 11.41 11.66 
0:04:40 11.40 11.66 
0:05:15 11.40 < 11.67 
0:06:19 . . .  11. 3 7  ; :  ~ '  11.67 
0:07:17 11.36 11.67 
0:08:15 11.35 11.68 
0:09:25 11.34 . .. . 11.70 
0:10:15 11.35 11.74 
0:11:09 11.34 11.74 
0:12:24 . . . . .  1 1 . 3 4  11.75 
0:13:11 11.33 11.75 
0:14:08 11.33 11.76 
0:15:02 11.32 . 11.76 
0:16:02 11.32 11.78 
0:17:23 11.31 11.79 
0:20:41 11.31 11.81 
0:22:38 11.30 11.84 
0:25:51 11.29 11.88 
0:28:32 11.29. 11.91 
0:31:41 11.29 11.94 
0:33:51 11.28 11.96 
0:37:57 11.28 12.00 
0:40:42 i 11.28 12.04 
0:45:13 11.28 12.09 
0:49:57 11.30 12.15 
0:54:39 ' 11.27 12.22 
1:02:48 11.28 12.32 
1:17:07 11.26 12.43 

.. 1:38:07 ; 11.26 12.59 
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WP-A7 Chart 4 
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i r 
MW-1(R) 

- • - - ( 

TABLE 8B 
Bail-Down Test Performed At MW-1 (R) 

Conducted on 8/16/95 
Specific Gravity = 0.90 

ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 
TIME (FEET) | ! (FEET) 
0:00:00 11.65 12.56 
0:00:30 11.65 S 12.57 
0:01:00 11.65 12.57 
0:01:35 11.65 i 12.56 
0:02:15 11.65 i 12.56 
0:02:52 11.65 . , 12.55 
0:03:22 11.65 r 12.56 
0:03:54 11.65 12.55 
0:04:22 11.65 12.55 
0:05:27 11.65 12.56 
0:07:05 11.65 12.56 
0:08:20 11.65 12.56 
0:09:35 11.65 12.57 
0:10:20 11.64 12.57 
0:11:45 11.64 12.58 
0:12:59 11.64 12.57 
0:14:12 11.64 I 1 12.58 
0:15:15 11.64 12.58 
0:20:20 11.65 » 12.59 
0:23:55 11.64 12.60 
0:27:25 11.64 !i 12.60 
0:32:05 11.64 i 12.62 
0:34:40 11.64 12.62 
0:39:20 11.64 l! 12.63 
0:43:28 11.64 i 12.64 
0:48:50 11.64 1 12.66 
0:54:50 11.64 ,i 12.66 
0:59:50 11.64 L ' 12.67 
1:04:50 11.64 I 12.67 
1:07:35 11.64 ; 12.68 

|i 

I1 
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MW-1(R) Chart 2 

MW-t(R) 
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WP-B5 

;; LIABLE 6 
Bail-Down fait Performed At WP-B5 

Not Enough Product Thickness to Measure Specific Gravity. 
ELLAPSED DEPTH TO PRODUCT DEPTH TO WATER 

TIME ... (FEET) ' (FEET) 
0:00:00 8.77 f  i f  • 8.77 
0:00:18 8.72 ••r""] ~ • 8.72 
0:00:43 ? 8.70 LL T' 8.70 
0:01:13 I 8.69 8.69 
0:01:50 8.68 i ... .. 8.68 
0:02:40 " T 8.67i:;;'i.! ;7 8.68 
0:03:07 iL8.6^J£;.: ...'I.:: 8.67 
0:03:41 18.67 8.67 
0:04:11 78767 iP .T"7 8.67 
0:04:52 .. . S 8.66 . 8.66 
0:05:26 8.661 L i :. 8.66 
0:06:12 ............... ..... 8 66 •• 8.67 
0:07:43 8.66 :! 8.67 . 
0:08:57 8.66: .'f. ' 8.68 
0:10:56 8.66 i j .  : 8.68 
0:14:05 8.66 jr r ; 8.68 
0:18:56 J 8.66 7, .if, .. 8.68 
0:25:16 ' ' • 8.66 v' • : i 8.68 
0:40:40 8.68 

...... 0:58:03 18.66:7. 7.. . 8.70 
1:09:54 ; 8.667 7 : 8.70 
1:18:42 ' i; 8.66 ; 77 8769 
2:01:53 8.65 jj L . : 8.70 
3:05:48 ' 8.66 : ' 11 8.71 

. I 
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WP-B5 Chart 1 
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DETERMINING REALISTIC TIME FRAMES 
FOR FREE HYDROCARBON RECOVERY 

ji Michael T. Pacskomki 
Ctraghty andMilltr Hydrocarbon Services 

j Chester. Pennsylvania ; 

1 Stephen M. Testa 
Engineering Enterprises. Inc. 

Long Beach. California 

ABSTRACT 

beneath  V* hydf0carboa Product occurs as perched zooes on the capillary f r inee  
• "pht.it "lucL'VJSiT*'Uad" "«'• eoaditloBs, L m.'h 
local reeuiaton Af.hi ? ™# ara# r^0o«red for rencdiatioa by federal, state and 

XrsSSSS: F-:° 

perform.act or offloiVarTlf ih." ? ° ° WaaiO) ielrcttd. and iht 
Program j, 'hi, 0.,.."m, ,.d b,,.V""" " '»• '.rarer, 
roloiac i, coo.id'.rrd i.Crilai?, """ 

errors associated with thai* eaienUti Vf . 'ai** "umber of compounding 
caution, Si..,71hi?S&ti Estimatioo, should bo usod with estreu! 

-d • 



INTRODUCTION 

sa'ĝ &^&zipê gui! 
migrate through the su bsurfac. r.,» in! Ill ?l r,,idM" f/°" ««*» facilities that 
on tht capillary friagt orerlylnt th. wat.,?, hi P?i!#i."e* ! ,#t h*drocarboa plumes 
»r. II,t.d a, haVardoK VwtJV&iMftrV of ,ht« "fineries 
a majority of such feciim.. a Jva- "mediation i, being proaiulgattd uadar RCRA 
w...r Q«U.rc».?r" ' BA*rS,,J:̂ .TNr7/<,,*'J,r T!' "» 
requires, ia part. dtliataUda of f!!. til V'4 '? Ftbn"r> MS. Thl, order 
pollutant, which may affect sabenrface sons!!!;!!". P 7* **d 0,h#r groundwater 
subsequent recover* at r».. i.? ««d/or groundwater nader ,ach facilities 
soil remediation (residual hydro/sVbVn)0"' a,*ir<r rMlora,loa (d,,,olv«d phase,) and 

free VS:2»Vf'The,/f r t W d " Mad et i iaJafhos  •' the volume of 
hundred, of acre, in lateral *«t*L •JA . hydrocarbon plumes encompa,, tens to 
barrel, (42 gallons/barrel} In ia»«i i MP u'" hundred and thousand, recoverable 

hydrocarbon it „Co.."bl. bye..,,!!'.T.lm'.S.i "" 

rA^?d5aVl»tJril̂ xT«Tf/bS«"iS?'«iifui"ioV'J?«v5j"eT r,,""u *0' «'» 
to date if recovery has been fa nrVcresl f!! f. "'"7 prw,at- P*'co«« recovered 
complete recovery of all free hydroeilhaa TM! i 7* Mdllh* •*•*»« frame for 
the efficiency and effecti,eLLlr rs- * ,afora,ati«a u then ased to moaitor 
accurately respoad to these rM«,M u JlVnZl!a T^r8J!/n"!di4tl°" pro«"»- To 
associated with determiaatioa oVVfodncr »*!! # difficulty reflects problem, 
notably, fr,. hydrocarbon pr "uctv!l!«.in h?.h\'7 ""V appi'#at thickne,, and 
"this paper is a discussionof the ill?f?cufiue ?I5 ?.'",v,1tnd se,i" «r*tems. Presented 
volume and recoverabillty of free hVd«eJfh« "amotions encountered ia estimating 
histories illustrating the problem, a,JllJSld i".S i"Ct* f pr,s,a,ed ara two case 
«n monitoring the effectiveness at ful t with volume determination, aad their use 
discussed i, the mfgraUorTp^o iL hv^J'0:"608 T°?er> pro«rami' N»« 
presented by SchwiH, (1967) A PI fl 9801 f f SS?, ™ 'h« subsurface which is « vo/). Ari (1*80), Farmer (1983) and Dragua (1988). 

VOLUME DETERMINATION DIFFICULTIES 

Field Measurement Technique, 

**, '"ie,l|y dalloanad sad iiinrid by 
Prod.c. I. . L« ir.y.iL|N dbSL' J** •' t— hydrocarbon 
Hading '»» -HI* -mar—d-il. 
eon prorido data with il iccoracvlo OOl.f.r! 'MiHImy {robot. Either a.thod 
product is emaisified or highly viseo!i «if«tff Hawt"f»'f the free hydrocarbon 
measurement using electronic re,Wv£V«ni£? !!f *"V c?" re,a,L Ia Addition, 
is weak. resistivity probes caa be misieadiag if the battery source 



Apparent Versus True Thickness 

T i""1" " """ ««« »m 
10 d«l«rmininf th» 'trnt* thlek#Mi!(KiBaiM IVMI Vhflow,difficuiijiiptniit 
uUliaat«ljrth«duritlo«ofrtea»»rY»!»i^, L« i « \ # tb# aad 
subsurface hydrocarbons is that ' 7*1 f* ® dW<*it of aoaitoring 
correspond tocha SImI«7rJSw!PW<ta,M ,a •••*«"*•« »•"« *® "otdirectiy 
Blaka sad Hall, 1984; Hall, at ai., 1984)! /•'•«lo« (Blaka sad Fryberger, 1983; 

appartBt^hickMss'ra*h«r^thVa a^"r M ®««*ored la a aoaitoriag wail is an 
Hall, at «L, 1994). Thedff.^ thickness (Blaka a.d Hall, 1984; 
attributed to tha eaaillarv frlaM tIVI "* ,aad a»Par*al thickness has baaa 
irata siao dlstribatloa as sum^rL.dfn^ a'oa ,h# 

formatioes coataia large aora saaeaa th«» .. .! a I ^ Coarse grained 
rise. Fiaa trained farm,fin/. if. V «,#a*l>r "<•«• the height of tha capillary 
capillary h/iiht to,aUloaf *»"• ra«*h waller pore spaces which allow , fig'K 

Capillary Rise 
(inches) 

Coarse Sand 

Sand 

Fine sand 

Silt 

Clay 

3/4 

4 

14 

27 

78 

2 

14 

27 

59 

1C0+ 

the capUlarJVdJJa"^* tVeYctuarwVr'dr^^^^ hydrocarboaa arc parched oa 
that exist is illustrated la Figure L typwol physical reiatioasbips 

oace th• Vo'aftofiaTiaifpfaVtra"aVa°n d d.MV* *'"K i"* *bor# lh# WBt,r capillary friagc. 
product migrates iato the well bore The tYf* capillary friage, free hydrocarboa 
will, be lower thao the faa «r ,s! . Th# I"# w,,,r that stabilises ia the well 
hydrocarboaa will f|aw jBj0 ,h# e*pillasry friage ia the formation, thus, 
to flow i.to the WS ae?dal^ .h!7 ^ala,'5,a-PMl^a- '"duct will continue 
established. To m.!.ta" #,.U bH-Lf(h7l#r 7ffV,c"atU a •4-«Ihri— is 
depress the water level 1. the well iVi ThJf.V e#,""a af hydrocarboa will 
oessared th.o .cta.lly exiw ia^aTKrm^'* grMI" thl**a®« » 



The measured or apparent" hydrocarboa thickness is not only depeadeat uboa the 
capillary fringe but also by the actual hydrocarboa thiekaess ia the formation. Thus 
the measured or appareat" hydrocarboa thiekaess is greater for fiae cra'aed 

wT i. r coarMr «raia«d formations which aay be aore represeatatire 
bl»w!«. »V *"* *'•« of relatively thia hydrocarboa accumulations, the error 
J™ " ,i# wt" thiekaess aad actual foraatioa thiekaess caa be more 
feiaiill!?tff *" . ar,a# of 'h,ckar aeeamuiatloas. The larger error reflects the 
I,* i* ilr ,« 1/ #j LW#*B . * thip layer of hydrocarboa ia the foraatioa aad the i!i fhi- 1 P«rched above the water table. The perched height is constant for thick 

if however, • thiek accumulation caa depress aad erea destroy 
thfek!. ^ i#* The relatlvf difference betweea appareat aad "true" hydrocarboa 
or V"IS5?" "" "d sptciflc 

'avtrind i« "jr7°r- commonly occurs whes (he well pcoclratcs the perched 
ihl! n« screened from the perching layer to the water table. The hydrocarbon 
anuureiff I'M"!" * *•'' the higher or perched elevation. The accumulated 
El '!•" d,f,ct re**lc of the differeaee of their respective heights. If 

I t  h V *h" •*.«*'". * ireater error or difference aad Weight of the column 
of hydrocarboa should be accouated for ia determining true thickness. 

«H«.iU!,!.y: fIucJaa,,oaa j° *#ter table due to recovery operations or seasonal 
(Yaaiaa iota? * J fl «P«" .the appareat or measured hydrocarboa thickness 
variat^B. fi • water table elevation declines gradually due to seasonal 
addlt i» J1 I  * ,B,laac#' •aagge^ated appareat thiekaess occurs refiectiat the 
« «.• bydro?arboa 'hf accumulated ia the moaitoriag well. The same is rue foJ 
throull lli9?°tnK f,f°'r!ry BP**Maa« "here the groundwater elevatio. i, leered 
through pumping, thicker appareat thicknesses may be observed. 

recha'rVe'fi'tsl !hl* h" b#fB documented at recovery sites. When sufficient 
of reenter! groundwater system through seasonal precipitation events or cessation 

recovery well pumping occurs with the water table at a slightly hiaher elevation 
rP;/,:r."6,r. ,"sszn' °,y b* ot"r,d •*"'««• 

the fr« wafer tabf*.?J I I5!"B,B« th« e'«*»tion difference between 
" "ater ,abl* ,ad "?« hydrocarbon which reduces the apparent thiekaess. 

Empirical Approach To Estimate Volume 

recoverable1!!!?" °f 1 ff## h.ydro€arboa "covery strategy, the total hydrocarboa and 
recoverable hydrocarboa volume is estimated. This estimate is depeadeat » !h. 
?!i!m,?i °" °w tn" hydrocarbon thiekaess which caa be derived empirically or in 

dafa a  m m  J*!drocarboa product thicknesses ia moaitoriag weilsis conducted. The 
nUn.Vh!I,tedo ,h!' "td 10 db?a,°P » hydrocarbon thickaS coatou? 
of lac«i? ,P'i d«»*loped, plaaimeteriag is performed to derive the areal coverage 

plaaime11rin» A? t h ! ! l h  ̂ P " ' ' h e  s m a l l e r  t h e  c h o s e n  i a c r e m e a t  f o r  
denendl!! !! Ail *PP*r«"t thicknesses caa vary betweea moaitoriag points 
monitiifn. . thiekaess of the capillary fringe, calculated thickness values betweea 
th"ka.«!. i1!!a.lV.d apJroxi"a,,<1- 'he capillary frlage, heace the appareat 
planime*eViat th^vnittm?!.r ba'w«" ««'<•»•« P«i»t«. Upon compietloa of 
( V t )  m e«iZ!'t!S -JS ! ,0.'1 ,acoa,Pa",d by 'he free hydrocarboa product plume 
based ol f!u r» B# V*" •ultlplied by aa 'assumed" porosity (0) value. 
calculate »h \  k *  lifl'l the subsurface characterization process to 
calculate the total appareat volume <Va) present as show, beiow: 



Va a V| x 0i where 

v» • Total Apparent Volume of Hydrocarbon Present 

Vs • Volume of Soil Encompassed by Free Hydrocarbon Product 

0 • Porosity (assumed) 

Since the water table as measured ln{ the well Is depressed br the weieht «r m. 

h y d r o c a r b o n ,  a  c o r r e c t e d  d e p t h  t o  W a t e r  i s  c a l c u l a t e d :  *  # f  , h #  

PTap a DTW - DTP 

CDTWa Static DTW - (pfap a G), where 
1 • !• 

CDTWa Corrected Depth |tp Water 

DTW a Depth to Water, measured 

• Depth to Product, measured 

PTap . Apparent Product Thickness 
• ' i[ ' ; ' 1 1 : 

0 » Specific Gravity of Product at 60# F. 

~ 
Capillary Fringe (CF) a (CDTW . DTP) PTac, where 

CF a Capillary Fringe thickness 

CDTW. Corrected Depth to Water, calculated 

DTP <• Depth to Product, measured 

PTac a Actual Product Thickness 

fpVcm*'luid of ".'si •fh1!'""*"- «'• 
byVroeirbooarodJct »h.?i of.'"'"! k"*U '' "" »«"""«• of lb. n.bil. f„. Ti,|t «.i_. p ooset wbicb will draiaand be recovered under the influences of cravitv K?.s 

Hr • Sy t Va, where 

Hr a Recoverable Hydrocarbon 

Sy a Specific Yield 

V* " Tolal Apparent Volume of Hydrocarbon Present 



Field Approach To Estimate Voiaae 

I. . "id.,. "V.d ^ Blil-dowa 
>r<rw„b.. '1 thick.™ ,( f„t 

2^ zsA âŝ .fSti?sP ̂ "wssssss; 

both depth to product (DTP) and death  »* ™ . /V5PIVV i*Br. .O V#r *'®* a,# 'er*'1 of 
tor measurement follow the same feaueae TyP'cnily,,h# increments 
test. The test is consider! chStu,! !" *•! m00»!0"d du"«i « »0uifer pumping 
consecutive readings or if a sitniffeaat T ,w? levels have stabilized for three 
recced 90 "" *- "•»« -* >"•* 

">• .hw.™,. 
recovery the appareat thleka*««•« ? during bailing, then at some point during fluid 
recovery of ^!id ^^u ,nkt^. w.?,MV^ ,rV thickness (Gruszcz.aski; 1917). Durtng 
level. However thl i. c.} ^Vh# fop of P"duct to the well rises to its original 
'ells, the fail is due to iltol\c!m*n,"«?***' iaitff"e#> lal<l*»r '>"•« tad then 
sccamuiatioo of product on the »•»•/! / *V,r th* w*" reflecting as over 
graph changes from a positive to noJetul *1"" T ? I1 whleh lh# d*P*b-to-w«ter 
At the -Inflection po^ ^PtU r#f5'?d ,0 M ,h# Poi-t". 
thickness. ••Mured thickness is Interpreted to equal the true 

of depth-to-V/oducu'depth-to-h^e's an°d'/hi,eklh'Ck,,eM riVh€ friphieal Presentation 
fluid recovery periodin'eac/Je^$?.ri l?"" te"UI ,,me " ••""'* <•«**« «h« 

water grails dmrm/nid*fi^'^nt,"5 *° lh* "iaf,ect'oa point" on the depth-to-
showip'g thickoess vmis\1« th# ,hie*a"' «• tstimated on /graph 
1997); type one carves reflect weilJ w?.^' IWJ Ca,,',I Produc,d (Gruszcxenski. 
wMI« type two carves reflett orldte.™rod?el aeeaai8,««ion than several inches 
indicates an inflection JoiltV^ fh" 12 ,aeh«- The latter 
been reported by Graszczenskl no«V»« • Ji °C« aad w,,,r l«»els. and has 
the appareat aad actual thickness. ,adlcate a 70 to 95 percent redaction between 

maximum' tVeoreti'ca'l'MIIIM can" Ve^eYm- 'I'S* ,h*or,t,eal '"Ponseanticipated, 
product from the corrected death ii . "'tS £y ,"b,ra«tlB« "»• «tatic depth-to-
conservative ia that true thlekei«»«"W* w ? M provided in this manner are 
thus, ovrestlmntM th?.cSal?h£ka.Y."? ,h" " ,""1 ,h«" '*'"*< "d 

capillary zone. thickness by an amount equal to the thickness of the 



1M prowdurt, ,h. ... 
evaluation of the data is speculative. The method coataios a numb.p »f «... k 
w sr.!; ,b* B»'H«. r«suitsrsu.""*;.0.', '; .:';: 
'?* ,thic.koe" 10 1 monitoring wail and is aa initial step and basis for eaituiaJini I 

.•!urb:l..,ro5VcVd".'iu.,,co,,r,''u s—" ,h« •»« 
* I , 1 

° 5T£S ^""""" «"«'•«"< '•«•»«*" 

o Oparator error in measuring aad recording levels with titan; 

o Inability of oparator to collect early recovery data duo to rapid rising wail levels; 

o Bailing groundwater in addition to product from a low yielding formation; 

0 o r • •  

O Variable accumulation rates of product caused by borehole effects: and 

o Evaluation of type curves aad selection of an inflection point. 

" " " ° " y  
are based upon this initial area Althn '«'®b,*#*lrBP0'al'0B* "devaluations 
tasting to daterrain« "true t h I c k • »««i^ h « of -tha Val,di,y of bail-down 
remains essentially uaprovea How.v.p thi° .,eop# 01 *bls PaPO'« this procedure 
tool in comparlnn thl .?». ?M?k *!',hls B,th°d eaa b# tt,#d " 1 «"'«l supportive 
derived erap^Hc^iv rhu. re^u."* ««"*ted from bail-down testing to those 
present and subsequent recoverable pfcbVau" ' hydrocarbon product volume 

RECOVERABILITY OF FREE HYDROCARBON PRODUCT 

Relative Permeability 

product^is gov.rotd b, «h. 
water saturation and the oermesbilliv «r ?». w ,0C*r?°° "VL1" formB''OB« the residual 
relative permeability of the format!.!' rA  r i !  k°Ln ° t "  #5 t  Motors determine the 
is a measure Jf the relat v! tlmiVfNV' hyd'0*arj»°»- The relative permeability 
formation as compar.d to . /iBeie fluidf tf I**' mut *"*' t0 ai"*te th'M«h th« 
the permeability in a sianie field L **pJfossed as a fraction or percentage of 
*  x  p  e  r  i  m  e  a  t  a  l l y f  o  r e  a  e  h  ̂  o r m  a  f l  an m . t •?<* P"»"billty —« be determined 
>nd fluid properties. DuH« hvd^llk "d "Ch "«ld saturations 
changing. Gr.pJ,of ?°' rtcov,ry' ,«*•»'. "«los are constantly 
shown In Figure 3. * permeability are generally similar in pattern to that 

Illustrated in Fi*gur e'Vu'sV"presented *bv'L*' b"f M dI,CB"#d by Levorsen (1967) and 
through the example material ist?!! It. "*«' w,l#p doM B0» begin to flow 
Water at the low ,«?««,lo. hineri lr«.? !I ",ara,,oa r"eh,« " Percent or above, 
preferentially wets the material and fills th. ri. * waCar' b,r "PMkry forces, 
from S to 20 percent h*drar»lh!!m! • ? . por,t A* wa'*r saturation increases 



a» -,4,b*,«•»» 
iter...,,. Ivh,. <h. h,dr«k,M. io. mpjro.0erh.» l"o l."L'"•i'.'tt?™ 'I" becomes immobile allawin* nniv ........ /« JV percent, the hydrocarbon 

'fi-iud"!'; ffiryfc viscosity tod the formation permeability. d d#Mlt)r aad 

noa wetting fluid aad 20 to 40 Bereeat LttrV.if. iwi? ^ . fl!!.r,,loa w|,h th« 
o c c u r s .  Thus f o r  h y d r o c a r b o a  5-2?.1 w , , , l a *  r , u i d  b e f o r e  flow 
«o 10 percent saturation of the pore saacahl/ar. &- n"*tfUU b# a B,,al,na" of  5  

I. .. .r 6.I.. . ,.lor^IlM „( 10 

Residual Hydrocarbon 

by^ocar^VJynj^^H^JJSrbM "h^VMSlMrii'Si' '° ̂  """l"" °f mobile 

associated w i t h  the water table aoillarr MM »•«£ i i!l-Bab|fc hydrocarbons 
iasular, and is retained in the ttdifw lVj.i i hydrocarbon is pellicular or 
hyd roca rbon  i n c r e a s e s a n d e i a f . a f t?J? * J B  aa  '^" s i t y  o f  t h e  
Typical residual saturation ^aiues for Un,«VÛ ,tlid, III- ' ,aluratIoa ,a«eases. 
C o n c a w e  ( 1 9 7 9 )  a a d  t a b u l a t e d  i n  j T a b l t  2 .  P  1 0 , 1  P r M a a" d  b y  

I 

TABLE 2 

TYPICAL RESIDUAL SATURATION VALUES FOR UNSATURATED SOIL 
Soil 
Type 

Stone, coarse gravel 
• i 7; Gravel, coarse1 sand 

Coarse sand, medium sand 
Medium sand, medium sand 
Pine sand, silt 

Oil Retention Capacity 
(liters/m3) 

5 

8 

15 

25 

40 



0 0.5 for low viscosity products (gasoline); 

o 1.0 for keroseneandgas oil; aud; 

o 2.0 for moro viscous oils. 

of 30 percent, thi AP .!»« f/ ? f 'h ,ir lwork » 'typical" soil with « porosity 
«o«.l irSJ^hJSifSfllE^ al",a,'°" '•|M> a°"d " » »•'«•«•«• of it* 

ii 

o O.lf for light oil sad gasoline; 

o 0.15 for diesel and light fuel oil; and 

o 0.20 for lube and heavy fuel oils. 

SraVi't"/'be t wieVjdVad*40 V **' hydrocarbon of lower API gravities (i e 
hydrocarbons can raneejij*! ,htl ,pe,cifJc ret«nt'on for more viscous 
with porosities of w ^".f* rt"1.0' por# ?oluB« <" «»• «aad« 
as the hydrocarbon VM .1 P#re,BL The loss due to retention in the aquifer 
(1994) cu[m *ha* rMiVual IoMesVrV mnchWh"i ifaa b# *»«•* aad Conr/d 
laryzone) then in the unsatu?",d zon. * lh# ",ttra,#d "»• "pil-

only ^reasonable 'proHd^e1 fo/aM^sihn 't^e** *Ua' vol^,a€ r*eor,r,d P"»M «O be the 
variables involved TT»«. eLVf!?. * volume considering all the 

» <• <« »««•< it ..h.T4|.-.«,r.krK IS'.'Xm iJii,?"""' 

Other Factors 

distribution'o/th^iumJVnd^i^'VnVcIfie Vr,abi!'ty "d r.9siduMi hydrocarbon, area! 
impact upon the d»•»«• «r P*®'fic physical constraints can have a significant 
concentrated thicknesses is raorerVent»'r.'Mr,'fl,r*'5r ,™a" P,UB# ia ar#al «*tent with 
large areal distribution. Site sderifl! •"* i **a"P,#' 'han a thin plume with a 
upon the recoversbility* of theiinlnme TifJ'**' c9a,,ra,au ®a)r have a major impact 
locating recovery weilfs) In the!r oBiTIlI^L .? ™i "B,,rs ar0Had the difficulty in 
layout. Furthermore aost rJl0,.J?»Zl "i<hoet conflicting with the facility 
Depending on the size of the feetm • i"! 9«aa*ate contaminated groundwater, 
recoverability ofhvdrocarbla • »!< "«* ,h,e ,caU °f the "covery project, the 
dependent on the amount of water'thlrT •it?* r,B? *ay b# and highly 



CASE STUDIES 

Cast Study A 

f?,™,iTvf«0r C"# Slai,y A " 1 10°-tcf« abandoned hydrocarbon bulk storaet tank 

recoverable volume could be readily evaluated volume and 

S? W:: za"'I •• 
rsr iKr ~« 
installed by the owner The ««»«.. «.. . . L' " B,#0,lori,,« wells were 
•pproniout.ly 3,,000 bOrr.l, it m..t of 1,77 >.d 

"IV*, " '"»• daring this period. although little gas<oiI was recovered 
•1 

&»" 13\«to"l!tVnZ!iz!f'Yd " "" " "» 
monitoring w.lli w.re. compj«t,d to c'hirVIi'tri""^ l'"1*"''' "*• oddltloool 
additional monitoring \JeUsi£^i^?^ ^,Z! 5ub,ttrfa" conditions. These 
owner, were plotted, drafted and nl*nim*r« *.1 |be^ existing wells installed by the 
hydrocarbon plume were not determined tVial't™^ hi° ,/he exteat of 'he 
calculated. These calculations were based uponY " r,eoverab,# "ere 

0 Measured apparent free hydrocarbon product thickness in the we.i; and 

0 Laboratory-derived porosity values from actual soil samples. 

by theVm^irfJal mV«°Todjaiy*dllcitsmif '°Carb°" f°F reeo"ry wa" *""«i«ed 

rec0rerable"*0'f4wa's^ estim"i e'd OOo'bhr"^!,0 **'" beBea,b th# f,,« th« 
data collected from only thirteen monitoriJi !«ll£ " w#f# baMd 00 

monitor!n%we*iIs*werVin s fa 1 ?e dVr'om *19 811 * lone" la'° optra,loB '• 19®3. Additional 
plume's dlmensilns. SX'ilVla^n^.^.Mt25f? Pr°!l!J f"r,i,r dtflnitloa "" 
wells were installed Aa tdViti«ii*i vs f , 'hree additional two~purap recovery 
'*"»• tho initial „'|,m, '.itlnu'ioL ^?°th. Y.d 'a 7 *1 o'» 7 * M# indullod to 
oporotio, ..0 M •» fi'O r.oo«r, ..II. jo 
o( g.t-oll proOacd fro', fh, fl'" " J'""r '***•I,I 0M 



e f t l 0 «  « M d «  u t i l i z i n g  t h e  a d d i t i o n , i  m o n i t o r i n g  well data 
SFd no, .h! °i 'Xi I 'ZW7 Th# i a i t l *l  ^lumuric determinatioi 
based Luii ! onpirical method but rather straight forward volume determinations 
voium* ell Bppa,,aC 'blc baaaa^ Porosity and expected recovery rates. The second 
(Blaka I«/!I i roMePI,j^ for differences in apparent versus actual thicknesses 
•cJwhU "J im.tebis'.dt h l c k a w "  (H"1' •« al~ 1 9 8 4 ) .  Th. original 

v o I u me est I ni t a^ af ASonn s 13 l00"0"8* *•"•« "« 200,000 barrels. A revised total 
aenerat.d S? ?L{ 310,000 barrels was calculated based on the additional data 
was assumed and  »s i?ennn fv. *** ori*iaal •*«i"»ate, <0 percent recovcrability 
volua. W,h\ ;?... "' 13g,0°° b,b!'""9 "W4 »« be the rerised recoverable 
to date the nriehllf V° bbl« recoverable and 182,000 bbis recovered 
recow.rVsystemh.\ ™ J w",d'hp" b#" 310,000 bbls recoverable. Thus, the 
—it i ,c ™rrw* A 

TABLE 3 
j • :i; • 

SUMMARY OF VOLUMETRIC CALCULATIONS 

: CASE STUDY A 

Number of i 
Monitoring 
Wells 

Estimated 
Total 

(bbls) 
Estimated 
Recoverable 

Volume (bbls) 
Estimated 
Percent 

Recovered 

Estimate l 13 
Estimate 2 89 

476,000 

310,000 

200,000 

128,000 

e 

58 

Free hydrocarbon recovery not yet initiated. 

--ssswasaasr' 

Case Study B 

P^day'ondJlil^li5' Thlriir'hikrS1'*' *ct,v» r«fl««y with a 125.000 barrel 
of acres and a mJd«L»'. I ' ll!. hV " •«••«*!» ,aak censisting of tens 
over 70 years. Continual richinVHr *'!!*' k® re'lB#ry haa bfea la for 
"holy due to the acti»l t J a,h. r,"Mf V° !h# exislln* P'aa»« »olume is 
edge of the Atlantic ea»*t»i .i,;. s .1^ y" * '• rlfnated on the western 
Is immediately underlafa bl ailiSi.i "?*A,,aac!c r,*ioB of th« United States, and 
clayey gravel. i deposits comprised of Iateriayered silty sand and 



§£H5SteB^a^^«afa a 

siS 
acceaatfat only for tha IBD1F)nl .hiati '• • Itrai|h [forward ncihod 
facility ,.tlin.,«d th,rui 000 hhi« "T""!d '* =""•"•« wall,. The 
71,000 bbl. ,f ,b. j .1, •»., » ,,,0"r""«'7. 

tcata coadactad.'aad id'l%b^Uc^a>al«a!d "•J,1' iaatallad, aautftr 
hydracarbas boriaod. The aaplfl'al mathodl.dV,»Hbln tbc 

!:? 
tacovcrablc .alum. wai aatlmatdd a'TdJOO wi" ' """" »"»"»l>"Hty. lb. 

*jrz7o»z"i«" .w,v.sof '°i°, °srji'j<*o/i mi."* auiu" °r Th« 

»5SS;,:'.,;l,2!,0ba.bb.v.,.fu*'<'n 
rt.ld d.l:^r\^;,h1f'»/.;"»«'V!"«'.j7-?f.'0d. ball 
far each moajtarinf well, The calaaa wan alaoJd i® af*". Miu" **" datarrainad 

aunaiarizia|: A 

waH®!h,tcknVtVda'abcol|rac|,eld®dB,fi^®banTetlfiaa<0Thfb# '"A 'J" """" »"i"aTia, 
»erses field for direct COIBB.^L 5. tM.,,a8- Thls P'orided the rallies of empirical 
t..a. .ad ""•00°"" "" "•"» 

TABLE 4 

ESTIMATED TOTAL AND RECOVERABLE VOLUMES 

Method 
(Date) Nuaber of 

Jnitor: 
Wells 

Apparent Thickness 69 
(Early 1987) 

Eapirical 7fi 
(Late 1987) 

fi^f/kail-testing 88 (Early 1988) 

Eapirical gg (Early 1988) 

Estiaated 
Total Voluae 

(bbl3) 

1 4 1 , 0 0 0  

1 9 0 , 0 0 0  

6 7 , 0 0 0  

101,000 

Estiaated 
Recoverable 

Voluae (bbls) 

7 1 , 0 0 0  

6 6 , 5 0 0  

20 ,000  

3 4 , 5 0 0  



II 

maps. Total and recoverable volumes within the area of influence aVIs " thickness 
were thta calculated Results af ,h..l ..i i*.. Influence of the recovery well 

' • ™ * s -  T -

TABLE 5 
°T T0TAL RECOVERABLE 

FREE HYDROCARBON WJTHJN THE AREA OF INFLUENCE 

Method 
(Date) Estimated 

Total Volume 
(bbls) 

Estimated 
Recoverable 
Volume (bbls) 

Empirical 
Apparent Thickness 
( 5 / 8 7 )  

Field 
True Thickness 
( 2 /88 )  

Eapirical 
Apparent Thickness 
( 2 /88 )  

1 9 ,  5 0 0  

11,000 

3 8 , 7 0 0  

5 , 8 0 0  

3 , 2 7 0  

11,600 

recovery well produced 40S0 bbls fro* sSmm II th 7i Productloa volumes. The 
conducted. From the time bail fi^dl ^ "* wh,eb baU w" 
recovery well produced 4100 hM« F.#«L . J d ,# th# ead °r JuB«« 1.981 the 
bail test method (Table 2) was 3270 TiT / 'ocoverable volume based oa the field or 
of the bail test hu£s«? 
continuing at the same rate of production. production aad is currently 

hydrocarbon"w!thfa'th e*area!fn7f "ewl of M." °' hydrocarboa withia the area of free 
830 bbls. Although somllllsthrou.hC0B,d b# 08 ,h# order of 
a atajor loss would have to occar to arafifl i i ,B . h0110®* Probably occarred. 
the volume via losses is probable* however ,bi* "iioitode. Additions to 
various soarcos is aot feasible. * dotorainlng the actual coatributioo from 



t. 4 

•naate compounding «rron in ration to the following™ * °' Hliau,M have 

°  " " " h i t h  

o Determination of true versos apparent thickness; 

o Validity of bail-down for Mll«alJoa of tr„ tl,Icka#M; 

* "* Vydroftolofi. I.f.n,., 

• Ex.«p.Ut|.. i, h y p * , , , * . .  . p p „ , „ ,  , ^  

» A,,,.,!., of .pptr.pj tWckoein, for pl..im.,.ri„,: Mi. 

0 '««"« Porotily, ,p.cl,ie „.M „„ 

faitlaicd '"O'MIIVPW 1 'Kotlty syinra is 
recovery rates include! the areal distributhw*^ factors which significantly affect 
product piuae, type(s) and desien if 1.^1 geometry of the free hydrocarbon 
ead efficiency of the system with time. *"* ,y4t*m ,,,#ct«d, acd the performance 

product c a a* b™' e sVi m a t e d ? d Ho wVrer* "re g u° " ors* ™t" â H 'I' ' C|° * ' ' * °f fr## bydf°«rbon 
r\'*V nl?b*r of C0"P0U0ding errors a«oc^7.d wi/h VK "'1 t0, b# ,WI,« of Ihe 
reasonable t.m. frame for remediation is cuiViy an eSU««"? C,lcuUcio"' Th«- * 

fh0d"̂ t0'b̂ bâ 4,r™ P̂̂ '̂ '*ĥ ugh these>maDsb,,ed|tC0,,̂ de,,t''r 00 fr" ĥ r°"rbon 
the numerous factors which im^> Jl L*!i v provide quantification of overall trends 
ticn difficult. ^ «;^CoV^ ih. ,°CarbOB thick aesses mak e a ccuraM quaa ttffca 
divided by ,h. totalJ b"®d " "lam. recov.rVd"o dafe 
recovery project progresses and new datiu !n L 'J C °T \U' /"""ermore. as the 
for recovery should be roiume and ti.V frame 

SRST SSARAJRIARI'FF'». 
-* «** »«w Ŝatei?ss?rt*' T"** porated into the nroieet thi* •« J additional monitoring well points are iaear 
revised estimates m^de iFlnaiN ,0 b# »«Pi*d with e5!«5.g Xt. and 

f . 

ACKNOWLEDGEMENT 

Bnrris of Engineeriog'^tVrVri^iac'^Noral* ^oirPh*"" W|B#«,rd8#r *"d Mr. Bo 
article and their helpful com then Oklahoma for their review of this 
Testa for typing of this! maauierlnt .Id TW W* sl,° *'Jh to thank Lydia 
technical illustrations. Tony Caraouche for preparation of the 



REFERENCES 

I",i,u" (APJ>- 19g0- TV Migration of Petroleum Product! in 
1128. Groundwater. Principle! and Countermeasures. API Publication No. 

:| 

BUH#Cd?«?:.fad i A  pr*b#rt"- 1983. Containment and Recovery of Refined 
HvdraeaPHM"* a * Cr0BadwB**ri I" Proceedings of Grouadwater aad Petroleum 

ydrocarboas - Protection; Detection; Restoration. PACE, Toronto, Ontario. 

BUp?obl#matMdlSoluhL'JI* i19?* M®'lloH"« Petroleum Spills with Weils: Some 
RmioIXA ..5 r j f ^oceedlaga, Fourth National Symposium on Aquifer restoration aad Grouadwater Monitoring, NWWA, Dublin, Ohio. ^duuer 

Bear, J. 1979. Hydraulics of Groundwater. McGraw-Hill Book Company. 

°( Crouadwat«' rrota OH Pollution. Concawe Report No. 

c"&£&, "*"* '* p"°" w"«r 

""SWI. 
F*fmentV'hI ilSl.Petro,9B* Contaminants in an Underground Environ-

Frepp!' R A" *nd Cherry'J,A* 1979, Groundwater. Prentice-Hail, Inc., New Jersey, 604 

?s?Z!LK*r?. 

"*nirtitS'l? suia,M UdjCu' 
Aquifer Restoration ,1,2 rJI"1.. • ft • Fo"rth National Symposium on •storation and Groundwater Monitorial. NWWA, Columbus, Ohio. 

*Between"Actaat ud<Au!£ra^8p J**0®?'! Ia*Mti«*tJ°B of the Relationship 
Conference on Pe'rolen^ Il2drnf«p£«,2i JIa '"«••*!•«• of 

Wum 

fro« Coll... Gro.sdwatcr Mooitorio, 

Loaomo, A.I. iM7. Caolo,, oI Patrol..., W.R F,„„„ Cot.p.0,, ,14 pp. 

C«r;!lt,^.?ly";.6• 0*J* TraotB.it o.d DUpoa.l Option for 
V*W»ofl«wr<^3«5n$IIS22M!iE3SfcS,'*T '• « lit. April 19-20, 1988. " ,l#rc?af#Maeraa-w#rk*haP. Toronto, Oatario, Canada, 

i 



SchwilU F. 1967, Petroleum Cootaniaocioo of the Subsoil - A Hvdr*.. • i 
"" '«•' «•»"! 

v^sZ","c'i 
F#dtri1 *«««mr, V. 51, No. HI, Ju.« 10, pp. 210S3-21Ili pr0|,0,#d 



PREE HVOROC 
MIGRATION 

0 too* 
WATER SATURATION 

VAOOSE ZONE 

CAPILLARY PRINGE 
(MY0R0CAR80NI 

M08IL HY0ROCAR8ON 

IMUOBIL HYOROCARSON 

CAPILLARY PRINGE 
(WATER) 

SATURATEO ZONE 
(100 *1 

"««'• 1 Apparent Hydrixarbo. Thlekaw, i. , w#„ and Adjacaat Formation 



1. I I » 

""" 1 B.ll-Do.1 Tenlai C.r.. R...IU 

i 



* T > ) 

a 
5 _i 
UL 
O 
z 

>5 

52 Ul 
2= 
ui _| 
"• 2 
Ul < 

S* < 5 
2°-

* >  
•-
o Ul u. u. 
ui 

100 90 

O I L  S A T U R A T I O N  -  P E R C E N T  

BO 170' •' 80 

10 20 30 40 
50 60 70 80 

W A T j E R  S A T U R A T I O N  -  P E R C E N T  

90 100 

Figure 3 Relative Peraeabillty 
for Oil aad Watar (after Lavorsea. 1967) 


